Active learning techniques, when properly implemented, have been shown to improve learning compared to traditional lecture. A review of active learning by Prince found broad support for active, collaborative, cooperative, and problem-based learning.
Facilitating the Transition of a Traditional Engineering Course to a Structured, Active, In-Class Learning Environment as a Teaching Assistant Introduction
Active learning techniques, when properly implemented, have been shown to improve learning compared to traditional lecture. A review of active learning by Prince found broad support for active, collaborative, cooperative, and problem-based learning. 1 Specifically, a meta-analysis revealed that small-group work, one form of active learning, promotes enhanced academic achievement, more favorable attitudes toward learning, and increased persistence in STEM fields. 2 Despite the strong evidence, many college engineering courses uphold the status-quo, lecture-only format because changing the structure of a course takes considerable time, planning, and foresight. Particularly, faculty perceptions of institutional rewards for productive research over teaching provide little incentive for course improvement. 3 Teaching assistants (TAs) can be valuable resources in facilitating the transition of a traditional engineering course to include active learning techniques; however, prior studies indicate that people tend to teach how they were taught, 4 contributing further to this lack of course reform. TA training can help prepare graduate students to teach in this new course structure. Various TA training workshops, 5 courses, 6, 7 boot-camps, 8 and certificates 9 have been successful at preparing graduate students to teach; however, few papers have outlined ways in which TAs can work together with instructors to transition a course to an active format.
In this paper, we discuss tricks of the trade in how TAs can play a pivotal role alongside instructors in the course restructuring process. We provide a step-by-step outline to create and implement new classroom activities and demonstrate use of this outline through specific application in the recent restructuring of a bioengineering course. This methodology, presented in "Structured, Active, In-Class Learning (SAIL) TA Training" and an "Active Learning in STEM Courses" mini-course, both offered by the University of Pennsylvania's Center for Teaching and Learning (CTL), is used to form the basis of the goals of this paper. Specifically, we address 1) defining and communicating course goals, 2) designing activities to support these goals, 3) facilitating positive student group dynamics, 4) providing student feedback, and 5) reflection. It is important to note that this is a collaborative process between the course instructor and TA, so the steps in this system involve both parties.
Background
The "Active Learning in STEM Courses" mini-course is a series of four 2-hour sessions led by two staff members of the University of Pennsylvania's CTL. The objective of this mini-course is to introduce graduate students and post-docs to active learning techniques and how to create activities that reinforce and strengthen course goals. This objective is different from the "SAIL (Structured Active In-class Learning) TA Training" (also led by the same two staff members of the CTL), which aims to prepare TAs for facilitating (rather than designing) activities already defined by the instructor.
Each following section describes how TAs were trained to consider these issues in the minicourse and TA training, specific examples of how this was implemented in the Introduction to Biomechanics course, and the importance of the topic learned through experience in restructuring the Biomechanics course. Examples from the Biomechanics course are provided as a model of how this system can be used to restructure a course and are not meant to reflect the only way in which these concepts can be applied. The recommendations posed to TAs in this paper are based on experience, and specific course restructuring decisions were guided by educational literature. The lessons learned through experiences described in this paper may benefit current graduate students who are helping an instructor redesign a course to include more active learning techniques, graduate students who are facilitating courses that already include active learning techniques, and students who hope to pursue a career in teaching and may need to design their own courses in the future.
Defining Course Goals
Goals are the foundation of course reform. Although TAs are typically not responsible for defining the course goals (this is normally the instructor's responsibility), an important aspect emphasized in the "SAIL TA Training" was to ask the TAs to 1) reflect on why it is important to know the goals of the course, 2) articulate what these goals are, and 3) understand why/how the instructor plans to use active learning methods to achieve these goals. This step ensures that instructors and TAs communicate the same goals and expectations to the students.
To model these suggestions made by "SAIL TA Training," the goals were clearly defined by the instructor of the Introduction to Biomechanics course and then communicated to the teaching assistant before beginning the restructuring process. The Biomechanics class is normally 60-90 students and meets for lecture twice a week and recitation (4 sections of 15-25 students) once a week (80 minutes each). This class introduces students to engineering problem solving and the applications of biomechanics. In the prior three years of teaching this course, the instructors noticed that students struggled with adapting their problem solving skills to new contexts and understanding the physical meaning of the equations and concepts. Based on these observations, the instructors had two broad goals for the restructuring of the course: 1) improve students' problem-solving abilities, specifically by developing a flexible framework for solving problems and understanding limitations and assumptions and 2) develop students' intuitive senses of the physical phenomena in biomechanics. More specifically, these course goals led to assignment objectives of 1) building students' skills in estimation and simplification, 2) introducing students to the concepts of design (i.e., how to "think like an engineer"), and 3) providing hands-on experiences for the students to translate equations from a theoretical framework to practical application. Importantly, these goals were clearly established by the instructor and then articulated to the teaching assistant before beginning the semester. As described in the following sections, these goals were also communicated to the students through the design of specific activities, feedback, timing, and verbal announcements. These broad student learning goals led to more specific assignment objectives that helped focus the students during the activities. Rather than trying to accomplish everything in a single activity, each assignment focused on one or two goals to avoid overwhelming the students.
In our experience, starting the course reform process by articulating our goals was necessary to guide our decision making. Strategies for developing or reforming course goals may include identifying strengths and weaknesses of students in the previous year's class (as done for the Biomechanics restructuring), understanding where the course fits into the department's curriculum to help prioritize skills that students will need as prerequisites for subsequent courses, gauging students' learning expectations, and referring to ABET standards. To ensure a successful transition, we found it to be important for the instructors and TAs to explicitly and implicitly communicate these course goals to the students throughout the semester. Explicit communication may include verbal announcements and written descriptions of what the students should expect to learn on each assignment (learning objectives). Implicit communication occurs through the design of the activities, the type of feedback and assessments provided to the students, repetition, and the amount of time given to a specific task (the more time spent on an activity or objective, the more important this activity or objective is viewed). As described in the subsequent sections, these goals form the foundation of the course restructuring decision-making process.
Creating Activities to Support Course Goals
Once course and assignment goals are identified, they can be translated into structured, in-class activities that support these goals. Creating activities is where the bulk of the workload for restructuring a course resides, making this a particularly fruitful place for TAs to be involved. As described in the "Active Learning in STEM Courses" mini-course, important questions for TAs and instructors to discuss before the TA begins the process of creating activities include the following:
1 The answers to these questions help define which activities are appropriate for the goals. For example, the answer to question 1 determines the type and extent of pre-and post-class work. Students learning new material through discovery may not need to have prepared with a pre-class assignment but instead may need to do post-class follow-up work (e.g., watch a video, read a chapter, or complete an assignment). In contrast, an activity designed to give students practice with application implies that students should already be familiar with the general content and theory, which may require specific pre-class preparation work in order for the students to fully benefit from the in-class assignment. Presentation of new material, compared to material already learned, will require more scaffolding to help guide students through the steps. Learning certain skills (e.g., problem solving) may require additional time or repetition throughout the semester compared to learning facts, theories, and equations (e.g., static equilibrium equations) that could be presented and then practiced in one activity.
With these goals and methods in mind, the TA can begin designing in-class activities. Several resources summarize the variety of active learning techniques, and we refer the reader to these excellent guides. [10] [11] [12] [13] Deciding which in-class activities to use depends on the activity goals. Regardless of the technique used, many of the following questions, posed by the "Active Learning in STEM Courses" mini-course, should be considered when designing a new assignment:
1 Broadly speaking, active learning methods can be divided into group and individual work. The remainder of this paper focuses on group work because it is commonly used to engage students and requires additional forethought for successful implementation.
For the restructured Biomechanics course, these concepts and questions were applied to develop two categories of activities. Each week of the course had approximately one active-learning class session and one more traditional lecture (enhanced with clicker questions). The first category of in-class activities was hands-on, experiential learning activities, in which students were not expected to have any background or preparation (example in Appendix A). Prior educational literature supports use of this style of activity. Discovery-based learning is loosely defined as a method wherein the learner must independently (i.e., not explicitly told by the instructor) arrive at the target information or concept with the supplied materials. Meta-analyses performed on discovery-based instruction showed that unassisted discovery does not benefit learners, but enhanced/assisted-discovery methods lead to greater learning. 14 Specifically, feedback, worked examples, scaffolding, and elicited explanations benefit the learners.
14 Given these previous findings, we sought to create assisted-discovery activity worksheets that would guide students through a set of mini-experiments to arrive at the mechanical concepts. The activity topics (supports/reactions, stress/strain, and bending) were chosen to address concerns that the equations alone were not conveying the physical meaning of these concepts to the students. By presenting this new material through a hands-on activity rather than a blackboard derivation, we hoped students would have a deeper intuitive sense for the mathematical representations they would be using in the course. The first page of each hands-on activity listed any necessary background (a few bullet points), the assignment goals, the materials they would be using, and a sentence summarizing what students should be able to do or understand upon completion of the activity (explicit communication of assignment objectives).
The second type of in-class activity for the Biomechanics course were problem-based activities, in which students were expected to apply concepts learned in a previous lecture to solve one or two biomechanics problems (example in Appendix B). Since the goals in the Biomechanics course included improving students' problem-solving abilities, small-group work was chosen for application because it allows students to solve more challenging problems and develop critical thinking skills by bringing together diverse ideas and experiences. As mentioned previously, small-group learning has positive effects on students' learning and attitudes, 2 suggesting that this active-learning technique would be appropriate to implement. Problems were inspired by clinical, industrial, or research scenarios that a bioengineer may be expected to encounter. For the problem-based activities, students were provided an outline as scaffolding. This outline was designed to reinforce the problem-solving method and was kept general enough to allow students to build a flexible problem-solving framework, a course goal. In this problem solving outline, students were led through the process of restating and defining the goal of the problem and identifying the knowns/unknowns and necessary equations prior to numerically solving. This process of starting with the problem goal and delineating a problem-solving plan prior to numerically solving has been described previously. 15 After numerically solving the problem, students were asked to think more in depth about their solutions to, for example, provide a design recommendation or estimate a mode of failure, again reinforcing the course goals.
Generalizing our experiences, we found it to be important to ensure that in-class activities align with the course goals. Different goals may result in the creation of different kinds of activities, as in the development of the hands-on and problem-solving activities created for the Biomechanics course. Furthermore, we suggest focusing on 1 or 2 goals per activity rather than trying to accomplish everything in one assignment. By limiting the focus of each assignment, explicitly noting the assignment goals, and repeating these goals multiple times throughout the semester (implicit communication of goals), we felt that students had a greater sense of what skills they should value as important.
Student Group Dynamics
After designing a group activity, the next challenge is successful implementation. It is important for TAs to prepare for working with groups by thinking about and even practicing how to interact with such groups. During the first SAIL TA training session, different group scenarios were considered: groups with members working independently instead of together, groups that are stuck, groups with especially dominant or passive members, groups looking for the "right answer" without regard to the process, groups too embarrassed to acknowledge their confusion, and groups that are "done" much earlier than others. During the TA training session, reasons why groups may be acting in these ways and strategies to approach and redirect the group dynamics were brainstormed (Appendix C). In the second SAIL TA training session, these group dynamics were role-played to give TAs experience in how to handle these different scenarios and confidence to approach groups in their real classrooms (Appendix D). In the roleplay feedback, fostering discussions between students and "exit strategies" (i.e., how to remove oneself from a group) were emphasized.
Using the skills learned from the SAIL TA training sessions and prior literature on applying active learning in STEM courses, several steps were taken to promote positive group dynamics in the Introduction to Biomechanics course. For both kinds of activities (hands-on and group problems), students (60 in the class) were assigned into groups of 2-4 (normally 3 students per group) and given a role: manager, recorder, checker, or skeptic. The small group sizes and assigned roles were applied to encourage participation from all members. We noticed that, apart from "recorder," students did not adhere to these roles. Since this was not a course goal and the groups generally worked well together, we did not try to enforce these roles. During the class period, 3-4 instructors/TAs (for ~20 student groups) circulated the classroom to answer questions, reinforce positive group dynamics, and help students navigate the problem solving process. These group sizes and student-to-instructor ratios have been used successfully in previous active learning (or "flipped") classes (2-4 instructors for 50-120 students with small groups of 3-4 students). 16 Groups were rotated three times during the semester, but roles were rotated for each assignment (so that a single person did not get assigned the role of "recorder" every time). One handout was provided to each group (to encourage group instead of individual work) and expected to be turned in at the end of class (to maintain accountability).
A flag system was used to notify instructors/TAs when groups were struggling; red flags required immediate attention and meant a group was stuck and had no way to move forward with the problem, yellow flags meant the group was struggling and had a question but could still keep working together, and green flags meant the group had completed the problem and was ready for it to be reviewed by an instructor/TA. During this time (~1 hour) students and instructors received immediate feedback on the assignment by circulating the classroom. If an instructor/TA noticed trends with a common issue, he/she would bring it to the attention of the other instructors/TAs. Partway through the semester, the instructor began re-grouping the entire class midway through the class to ensure proper pacing and to address any common issues noticed by the circulating instructors/TAs, which was helpful for the students.
In our experience with the Biomechanics course, small group work was an important aspect of upholding student engagement. Group work is often a component of active learning, but dysfunctional groups can impair the learning process. The very same reasons group work can be so beneficial (e.g., combining people with different backgrounds and knowledge to solve a problem) can contribute to detrimental group dynamics (e.g., frustration with knowledge asymmetries). 17 Examples include "blockers" (students who discourage others' contributions) and "constant pupils" (students who habitually take on the pupil role instead of contributing to teaching fellow group members). 17 These interactional problems can be minimized and remedied through appropriate facilitation by instructors and TAs. During in-class activities, the TA and instructors can circulate the classroom to interact with each group and provide support as needed. Because detrimental group dynamics can be hard to detect without interacting with a group, it was our experience that instructors and TAs should be proactive in approaching groups, even when the groups do not express need for immediate help.
Feedback and Assessment
Finally, a method should be chosen to provide feedback and accountability on the in-class activities. Example methods for grading include grading schemes or rubrics, checks for completion, individual grades, quizzes, or no grades ( Table 1) . These may be in addition to posted solutions. Emphasis should be placed on aligning feedback and grades with the course and assignment goals. 18 Grading is one important way that students can gain a sense of what the instructor values and prioritizes in the course.
Importantly, from our experience we suggest giving much consideration to how class activities fit into the course as a whole. One common form of summative assessment is an exam. As described in the "Active Learning in STEM Courses" mini-course one strategy for ensuring that all aspects of the course align is to begin by forming an exam question that assesses a course objective. Then ask,
What would students need to know/be able to do in order to answer this question? How do class activities support that understanding? 2. How do these things relate to the course goals?
With the answers to these questions in mind, the TA and instructor can think about the purpose of other class assignments (pre-class and post-class homework/projects) that will prepare students with these skills. Questions to consider while creating these assignments, as discussed in the "Active Learning in STEM Courses" mini-course, are as follows:
1. For the Introduction to Biomechanics course, we wanted to give the students written feedback, in addition to the immediate feedback they received during class, as this was often a more systematic form of feedback than what could be done in class. Group activities were graded on a 10-point scale for process, correctness, and completion, and returned within a week. Complete solutions were posted online. One assignment was handed in per group and all members received the same score to encourage teamwork during these in-class activities. Since one course goal was to improve students' problem-solving abilities, the grading emphasized process over final answer by attributing the majority of the points to creating a solution outline; identifying the knowns, unknowns, and relevant equations; and setting up the equations using variables before plugging in numbers. Common errors were collected by the TA and communicated to the instructors to reinforce in the next lecture.
The Biomechanics course incorporated several assignments in addition to the in-class activities: conceptual clicker questions during lectures, 19 homework assignments that involved solving biomechanics problems, recitation small-group problem solving, and online 15-minute videos prepared by the instructors with short quizzes. All of these assignments were used to provide feedback to students to help them prepare for the three exams they had during the semester. The exams were created by the course instructors to test students' individual knowledge of
Grading Method Pros Cons
Rubrics/schemes biomechanics concepts in addition to biomechanics problem solving. The exam questions were formatted to be similar to questions the students came across during these various assignments.
Our experience with the Biomechanics course supported the value of aligning course goals with assessment. After the first in-class activity at the beginning of the semester, before a grading rubric had been created, students expressed concern and anxiety about not knowing how they were going to be assessed.
They were unsure what they should prioritize when working on the group problems and how important completion of the activity and getting the "right" final answer was compared to the overall process. With this feedback, we created a rubric reflecting the instructor's goals for the assignments, which seemed to assuage their concerns. We learned that being explicit about expectations can improve the learning process by reducing student stress.
Reflection on Introduction to Biomechanics Course
Restructuring a college course is an iterative process, requiring continuous reflection and alteration. To comply with ABET criteria, course development is a three-pronged effort: defining the learning objectives, creating the instructional techniques (which may include active learning), and measuring learning gains through assessment; these stages may not be sequential and often rely on feedback from the other stages for continuous improvement. 20 The outline presented here and in the CTL courses provided the foundation for the restructuring of the Biomechanics course; however, we also found it to be necessary to have realistic expectations and to be open to feedback throughout the semester. Several changes were made throughout the semester in the Introduction to Biomechanics course as we and the students saw areas for improvement. Although the instructors spent some time at the beginning of the semester explaining why this course had been reformed to include in-class activities, we found that the students began questioning the purpose of these assignments; therefore, midway through the semester, one of the instructors took extra time to reiterate the goals of these activities and why we expect the students will benefit from them. We learned that repeating the course goals and purpose of each assignment helps the students understand why they are being asked to complete the activities, reducing push-back. Further, we learned that the amount of time spent on a particular topic/activity should correlate to how highly the instructor values that skill. For example, in a first draft of an in-class group problem-solving activity, one problem asked students to calculate multiple integrals. In revising this problem, we realized that the goal of having students predict a loading scheme within a bone was lost to the amount of time they were going to spend calculating integrals; therefore, the problem was revised to make the math easier so that the assignment objective would not be overshadowed. Along similar lines, we found that students really struggled with pacing, which led to unnecessarily high levels of stress and anxiety at the beginning of the semester, so the assignments were revised to include suggested time stamps for each section of the activity to keep students on track and help them realize which portions should be emphasized in their problem solving process. Finally, partway through the semester, the instructor began to regroup the class midway through a session to review solutions, address common issues, and ensure students were pacing themselves appropriately. We were happily surprised by the amount of student participation when the class was brought back together as a whole, which we believe is because they had already worked through the problem in their groups and received feedback from the circulating instructors/TAs. The first semester of a restructured course is a learning experience for the instructor(s), TA(s), and students; however, by staying open to feedback, improvements can be made along the way. Our final in-class activity was certainly the smoothest of the semester, with fewer groups stuck without a way to move forward in solving the problem, positive group dynamics, and appropriate timing.
In our experience, feedback can come from the students, fellow instructors/TAs, outside observers, assessment results (e.g., exams), or personal reflection. Pre-, mid-, and post-surveys of the students (separate from course/instructor evaluations) can be useful in identifying their expectations, prior experiences, confidence levels, and opinions. Sometimes just asking students during recitations or office hours what they think can provide quick insight (though one must keep in mind that these are the opinions of a few students, not necessarily representative of the collective body). Personal reflection on what stresses the instructor/TA most and what stresses the students can help identify areas of improvement to reduce anxiety and improve student engagement and learning.
Conclusion
Training teaching assistants specifically for active-learning based classes aids in their utility in restructuring the course and facilitating activities. With clear communication between the instructor and TA, teaching assistants can play a pivotal role in creating in-class activities, managing group dynamics, providing student feedback and assessment, and aiding in the continual evaluation and modification of the course. When teaching assistants help instructors transition a class from a traditional lecture format to a more active format, the TAs receive valuable experience in course design, assignment development, and small group facilitation. This also allows the instructor to offload some of the work and stress associated with course restructuring and, importantly, benefits the students through enhanced engagement and deeper learning.
Through our experiences in restructuring an Introduction to Biomechanics course, we recommend the following: 1. Clearly define and then articulate (explicitly and implicitly) to the TA and students the course goals that lead to assignment objectives. 2. Together the TA and instructor should be able to answer the provided questions italicized in the body of the paper to establish a course vision and help identify the appropriate activities to match with the course goals. 3. Create a portfolio of activities that will support the course/assignment goals. The portfolio (not necessarily a single activity) should address all goals. TAs can be especially useful in creating activities, but in order to do so successfully, communication between the TA and instructor during this planning phase should be emphasized. 4. If possible, complete a draft of all of these activities before the semester begins and review as the semester commences. This upfront work will allow the instructor and TA to develop a cohesive course by ensuring all course goals have been addressed in the portfolio of activities. 5. For group work, TAs can practice facilitating student group interactions through roleplaying. We suggest interacting with and approaching groups even when they do not have a specific question. 
Background
 So far, we have been doing rigid body mechanics; however, we know that in reality, all materials undergo some finite amount of deformation when loaded. Now, we will learn about deformable bodies and mechanics of materials.
 The length of an unloaded material is known as the original or "gauge" length, L o .  The term "load" can mean an applied force or moment. If you are talking about deformation along an axis, the "load" is a force.
 Reminder: To reduce error, repeated measurements are needed
At the end of this hands-on activity, you should be able to 1) understand how material geometry may play an important role in mechanics and 2) write the equations for stress and strain.
Groups of 3 members and roles were assigned to encourage equal participation. We noticed that students only used the "recorder" role.
Hands-on activities were used to help students deduce engineering concepts through experimentation and understand the physical meaning of the equations/concepts Assignment goals were explicitly communicated to students
In these discovery-based, hands-on activities, students were not expected to have prepared by learning certain material; therefore, we briefly provided the necessary background to ensure students had the same starting point.
Reiterating what students should take away from this activity
We learned that students worked better (and had less anxiety) when they were given pacing guidelines
The goal of this section was defined
We learned that re-grouping the whole class midway through a session allows the instructor to address any common issues and reinforce the main take-aways of a section of the assignment.
The goal of this section was defined PART 1: STRAIN (30 minutes allotted) "Strain" is an engineering term used to describe how much a material deforms. Using the materials in front of you, explore how the length of the material influences the amount of axial deformation when a load is applied. You will develop a relationship between length and deformation.
1. In front of you, you will find 4 pieces of elastic cut to different gauge lengths. Apply 2N of load to each piece of elastic and measure the corresponding deformation. The length of the material should be measured from the pins. Record your findings in a table. Note any sources of error in your measurements. 2. Using the provided graph paper or your computer, create a graph that demonstrates the relationship between the deformation of the elastic (change in length, ΔL, y-axis) and the gauge length (L o , x-axis). Determine the linear relationship. Record answers to all the above questions to turn in. Raise your green flag when you are finished and begin Part 2. When the entire class has completed Part 1, we will momentarily pause to discuss your results as a class.
PART 2: STRESS (20 minutes allotted) "Stress" is an engineering term used to describe the load a material experiences when it is deformed. Using the materials in front of you, you will explore how the cross-sectional area of the material influences the amount of load that can be applied to achieve the same deformation. You will develop a relationship between area and load.
